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ABSTRACT. High charged swelling micas, with layer charge comprised between 2 and 4, 
has been found to readily swell with water and that complete cation exchange (CEC) can be 
achieved. Due to their high CEC, applications like radioactive cation fixation or removal of 
heavy metal cations from waste water were proposed. Their applicability can be controlled by 
the location of the interlayer cation in a confined space with a high electric field. In synthetic 
brittle micas, the interlayer cation has a low water coordination number; therefore their 
coordination sphere would be completed by the basal oxygen of the tetrahedral layer as inner-
sphere complexes (ISC). However, no direct evidence of these complexes formation in brittle 
micas has been reported yet. In this contribution, we mainly focus on the understanding the 
mechanisms that provoke the formation of ISC in high charge swelling micas, Mica-n. A 
whole series of cations (X) were used to explore the influence of the charge and size of the 
interlayer cation. Three brittle swelling micas, Mica-n (n=4, 3 and 2), were selected in order 
to analyze the influence of the layer charge in the formation of ISC. The contribution of the 
ISC has been analyzed thorough the evolution of the 060 reflection and the changes in the 
short-range order of the tetrahedral cations will be followed 29Si and 27Al MAS-NMR.  The 
results showed that ISC was favored in X-Mica-4 and that provoked a high distortion angle 
between the Si-Al tetrahedra. When the content of aluminum decreases, the electrostatic 
forces between the layers are relaxed, and the hydrated cations did not interact so strongly 
with the tetrahedral sheet, having the opportunity to complete their hydration sphere.  
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INTRODUCTION 
High charge swelling micas, with layer charge comprised between 2 and 4, has been found 
to readily swell with water and that complete cation exchange (CEC) can be achieved.1,2,3,4,5,6,7 
Due to their high CEC (theoretically up to 468 meq/100g), applications like radioactive cation 
fixation or removal of heavy metal cations from waste water were proposed.8,9,10,11,12,13 
In those high charged synthetic micas, the layers bear a high permanent negative charge 
compensated by counterions located between them (interlayer space). These counterions are the 
origin of two interesting features: mica swelling and cationic exchange. The former refers to the 
uptake of water into the interlayer space, while the latter involves the replacement of original 
counterions Na+ by cations of aqueous solution.14,15,16,17 Both processes will be controlled by the 
location of the interlayer cation in a confined space with a high electric field. 
Recently, two important items related to these swelling brittle micas have been reported 1) 
the interlayer cations do not exchange completely.18 2) The water coordination of the cations is 
small to full fill their hydration sphere.19   
The hydration state of the interlayer cations has been shown to depend on both the layer 
charge of the aluminosilicate and the nature of the interlayer cation.19 In synthetic brittle micas, 
the interlayer cation has a low water coordination number; therefore their coordination sphere 
would be completed by the basal oxygen of the tetrahedral layer as inner-sphere complexes (ISC). 
This fact has been found as well in the hectorite surface, where weakly solvated ions, such as K+, 
are able to form ISC.20 However, no direct evidence of these complexes formation in brittle micas 
has been reported yet.  
In this contribution, we mainly focus on the understanding the mechanisms that provoke 
the formation of ISC in high charge swelling micas, Mica-n. In terms of methodology, we draw 
attention to the relation between the hexagonal hole in the tetrahedral layer and the interlayer 
cation, which allows detailed understanding of both the confined cation and the clay surface 
structure. Then, a whole series of cations will be used to explore the influence of the charge and 
5 
 
size of the interlayer cation. Three brittle swelling micas, with different Si/Al ratio, were selected 
in order to analyze the influence of the layer charge in the formation of ISC. The contribution of 
the ISC will be analyzed thorough the evolution of the 060 reflection and the changes in the short-
range order of the tetrahedral cations will be followed 29Si and 27Al MAS-NMR 
 
EXPERIMENTAL 
Synthesis Method 
A procedure similar to that described by Alba et al.21 was employed. Near-
stoichiometric powder mixtures with the molar compositions (8 - n) SiO2, (n/2) Al2O3, 6 
MgF2, and (2n) NaCl were used to synthesize Na-Mica-n (n = 2, 3, 4). The starting materials 
were SiO2 from Sigma (CAS no. 112945-52-5, 99.8% purity), Al(OH)3 from Riedel-de Haën 
(CAS no. 21645-51-2, 99% purity), MgF2 from Aldrich (CAS no. 20831-0, 98% purity), and 
NaCl from Panreac (CAS no. 131659, 99.5% purity). All reagents were mixed and vigorously 
grounded before heating up to 900 °C in a Pt crucible for 15 h. After cooling, the solids were 
washed with deionized water and dried at room temperature. The as-synthesized samples are 
named Na-Mica-n (n ranging between 2 and 4). XRF analyses were carried out in order to 
check the chemical composition of these samples (see “Sample Characterization” session for 
acquisition details). The results are displayed in Table 1, as well as the Si/Al ratio achieved 
compared with the theoretical value. A good accurate is obtained and allows us affirming that 
chemical compositions of these samples are close to the theoretical one. The as-made solids 
were analyzed by X-ray Diffraction (XRD) to evaluate their purity (Figure 1S, Supporting 
Information).   
Cation-Exchange Process 
The as-synthesized Na-Mica-n were exchanged with solutions of Li+, K+, Mg+2 and 
Al+3 salts at concentrations that ensured that the molar amount of cation was 10 times the 
cation-exchange capacity (CEC) of the mica.19 The most important characteristics of these 
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ions in solution are displayed in Table 2. The reagents used were MgCl2 from Sigma-Aldrich 
(CAS n° 7786-30-6, 99.99% purity), KCl from Fluka (CAS n° 7447-40-7, >99% purity), 
AlCl3 from Fluka (CAS n° 7784-13-6, >99.0 % purity), and LiCl from Fluka (CAS n° 7447-
41-8, >99.0% purity). Ion-exchange process was described elsewhere.19 The resulting solids 
were analyzed by X-ray Diffraction (XRD) to evaluate the purity of the samples (Figure 2S, 
Supporting Information). This exchange method prevents the modification of the silicate 
framework and consequently, XRF analyses were not needed. The extent of the cation 
exchange reaction was monitored by 23Na MAS- NMR. These solids are referred to as X-
Mica-n, where X=Na+, Li+, K+, Mg+2, or Al+3 and n=2, 3, or 4.  
 
Sample Characterization.  
X-ray diffraction (XRD) patterns were measured at the CITIUS X-ray laboratory 
(University of Seville, Spain) using a Bruker D8 Advance instrument equipped with a Cu Kα 
radiation source, operating at 40 kV and 40 mA, and with a Ni filter. The powder XRD 
patterns were registered in the 2θ-range 58–62° with a step size of 0.05° and a time step of 20 
s. The analysis of the peaks were carried out using TOPAS© from Bruker© and Pseudovoight 
functions. 
XRF of powdered samples in borate flux was performed to obtain information about 
the chemical composition of the samples. XRF measurements were made with an automated 
Philips PW1400 spectrometer at the CITIUS, Universidad de Sevilla.  
29Si and 27Al (SP) MAS-NMR spectra were recorded at the Spectroscopy Service of 
ICMS (CSIC-US, Seville, Spain) using a Bruker DRX400 spectrometer equipped with a 
multinuclear probe. Powdered samples were packed in 4-mm zirconia rotors and spun at 10 
kHz. 29Si MAS-NMR spectra were acquired at 79.49 MHz, using a pulse-width of 2.7 μs 
(π/2=7.1 μs) and a pulse space of 3 s. 27Al (SP) MAS-NMR spectra were recorded at 104.26 
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MHz, using a pulse width of 0.92 μs (π/2=9.25 μs) and a pulse space of 0.1s. The chemical 
shift values are reported in ppm with respect to tetramethylsilane for 29Si and AlCl3 0.1M for 
27Al. 
 
RESULTS AND DISCUSSION 
 
Hexagonal cavity distortion: b parameter  
In all the samples, the 060 reflections (Figure 1) are in the 2θ range between 59.5 to 
60.2º which is typical of trioctahedral clays22 and the 2θ value depend on the interlayer cation 
(Table 2).   
The distance associated to this reflection, d(060), (Table 2) depends on the composition 
of the octahedral sheet, the amount of Al in tetrahedral  sheet  and the degree of tetrahedral tilt 
angle.22 For these reasons, trioctahedral clays like saponite and vermiculite exhibit a higher 
value (1.52 and 1.54 Å, respectively) than dioctahedral clay such as montmorillonite (d(060) 
=1.49-1.50 Å).  The values obtained for our samples ranges between 1.50 to 1.56 Å. The 
biggest values, found for the highest charge micas (n=4 and 3), are closer to the values 
reported for vermiculites, whereas for n=2, d(060) is in the reported value for trioctahedral 
micas, like Biotite (1.538 Å).  
Geometry considerations can be derived from the 060 reflection (Table 2). For most of 
the layered silicate, the ideal hexagonal cavity (Figure 2a) is distorted to a ditrigonal 
symmetry by the oppose rotation of alternate tetrahedron (Figure 2.b). The amount of this 
rotation varies from a few degrees to near the theoretical maximum of 30º. This tetrahedral 
rotation has been attributed to the difference in size between the tetrahedral and octahedral 
sheets (the first one is higher than the second).23,24 The average tetrahedral rotation from 
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hexagonal symmetry, α, may be predicted from the observed b axis and the known Al-for-Si 
substitution as:22  
 
cos ߙ ൌ ௕೚್ೞ௕೟೓೐೚ೝ  (1) 
 
where btheor is the value obtained from25 ܾሺௌ௜రషೣ஺௟రሻ ൌ 9.15 ൅ 0.74ݔ, ܣሶ, (x is the theoretical 
grade of substitution of Si4+ for Al3+ in the tetrahedral sheet) and bobs is the experimental value 
calculated form  d(060)  distance, taking into account that in monoclinic cells, b=6· d(060), Å. 
From the experimental d(060) values and the sample chemical compositions, the 
distortion angle, α and b parameter were calculated (Table 2) and have been correlated to the 
interlayer cation size (Figure 3).  
The maximum distortion is found for the samples with the highest isomorphical 
substitution Si/Al and hence, highest layer charge (upper blank triangle, Figure 3). This 
behavior is a consequence of the inhibition of the incorporation of the water molecules to the 
interlayer space when layer charge increase.19 In such case, the interlayer cations are less 
hydrated and increase the contribution of inner sphere complex. As observed in the Figure, 
the distortion created increases with the increase in the ionic radii of the interlayer cation, 
meaning that in this case, where ISC are favored to occur, the radii of the interlayer cation is 
the parameter that influence in the grade of distortion produce in the layer. The sample 
homoinized by K+ is the only exception in this behavior. This case will be analyzed further in 
the following section (see 29Si NMR). 
On the opposite site, when layer charge decreases, the electrostatic interaction between 
the layers is relaxed and allows the hydration of the interlayer cations.19 This fact hinders the 
contribution of inner sphere complexes and consequently, smaller distortion in the tetrahedral 
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sheet are expected as occurred for samples n=3 and n=2. In this case, the influence of the 
ionic radii in the distortion is smaller. 
In X-Mica-n, the interlayer cations are housed in the hexagonal cavities formed by the 
O2- anions of the opposite tetrahedral sheets (Figure 2c). Therefore, disregarding distortions, 
these cations have 12-fold coordination, and the bond length between oxygens and interlayer 
cations, d, can be calculated through the equation: 
݀ ൌ ට௛మସ ൅ ݎଶ    (2) 
 
where h is the interlayer space, h=d001-9.4, Å and r is de distance from the centre of the 
hexagonal cavity to the oxygens of the plane in a tetrahedral sheet. In case of the tetrahedral 
sheets deformation by rotation of angle α, r varies as follows:26 
 
ݎ ൌ ௕଺ୡ୭ୱଷ଴ െ
௕ ୲ୟ୬ఈ
଺ ൌ
௕
଺ ൫√3 െ tanߙ൯ (3) 
Bond distance between the basal oxygens and the interlayer cations calculated using 
eq. 2 are also displayed in Table 2. To determine these parameters the interlayer space is 
required (calculated using the d001 distance, Table 2).19 
The distance between the basal oxygens and the centre of the hexagonal cavity, r, 
slightly differs from the expected range (2.6 Å)27. Shortest distances are obtained when n=4, 
and the presence of ISC is encouraged. However, when layer charge decreases, this distance 
increases reflecting the smaller distortion provoked by the interlayer cations, although it never 
arrives to the ideal value. 
 The distance between the interlayer cation and the basal oxygens (d) when a 
monolayer of water is considered24 (d001≈12 Å) range between 2.6 and 3.4 Å. In the case n=4, 
the distance is smaller (between 2.6 and 3.08 Å) indicating that hexagonal cavities are 
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deformed to accommodate the cation but holding an optimal equilibrium distance between the 
interlayer cation and the basal oxygens. When layer charge decrease, and hence, the interlayer 
cations are able to hydrated easily, the contribution of inner sphere complex is smaller and 
hence, a longer distance between the interlayer cations and the basal oxygens is observed 
(Table 2).  
 
Influence of the ISC in the 29Si/27Al tetrahedral framework. 29Si MAS NMR 
Spectroscopy 
Figures 4 and 5 show the 29Si (SP) MAS NMR spectra for the X-Mica-n homoionized 
with the alkaline cations (Figure 4) and with the cations from the third period of the periodic 
table (Figure 5). In general, these spectra can be described as a wide band in the range 
between -70 ppm and -95 ppm, associated to Q3 (mAl) with 0≤m≤3 environments on 
phyllosilicates 2:1 (marked with asterisks in the Figures 4 and 5)2,21,32,28,29,30,31. The 
differences observed in the registered spectra can be summarized as follow: 
 When layer charge decreases, a shift is observed in all the Q3(mAl) signals to 
lower frequencies, accompanied by a different relative intensities of the 
signals, consequence of the different quantity of Q3(mAl) expected in the 
micas.  
  A new contribution at -85 ppm (discontinuous line in X-Mica-2 and X-Mica-
3) is observed in all the samples. It corresponds to sodalite, a reaction product 
already observed by XRD diffraction32 and more evident in the lower layer 
charge samples. 
 A fifth peak at -75 ppm is observed in the samples with a layer charge n=4 
(dashed line in X-Mica-4). The assignment of this peak is still not solved: if 
Lowenstein’s rule is considered, only one 29Si peak will be present in the 
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spectra, as the Si/Al ratio in these samples is 1. However, more than one peak 
is observed in the spectra, so a non-homogeneous distribution is involved, and 
then, the existence of Al-O-Al bonds can be possible, Lowenstein’s rule being 
violated. The presence of this peak in all the silicates makes this theory 
stronger. However, it also can be assigned to other non-crystalline phases that 
cannot be observed by XRD. For the silicates with lower layer charge, this 
contribution is not observed, motivated by the smaller isomorphous 
substitution of Si4+ by Al+3. 
 In the X-Mica-4, 29Si peaks shift to higher frequencies values when the ionic 
radius of the cations increases. In the samples with lower layer charge, this 
displacement is also shown, but it is smaller than in the highest charged mica, 
due to the lower cations concentration in the interlayer space and their highest 
distance with the basal plane. 
The local order of the silicon atoms in swelling silicates as smectites and vermiculites, 
were not affected by the presence of the hydrated interlayer cation31. The local environment of 
silicon was found to be affected after the dehydration of the interlayer cations. In fact, 
dioctahedral mica with Al+3 isomorphous substitution in the tetrahedral sheet and similar layer 
charge show variations in the 29Si chemical shifts values for Q3(0Al) up to 1.6 ppm31. This 
behavior was attributed to the tetrahedral rotation, α, due to the different ionic radii of the 
interlayer cations. Because Na+ (1.02 Å in 6-fold coordination33) is smaller than K+ (1.37 Å in 
6-folf coordination33), the oxygen framework rotates slightly to coordinate more closely with 
Na+, which causes a larger α value and producing a slightly less shielded 29Si chemical shift. 
These distortions also allowed the interlayer cation to be 6-fold coordinated by oxygens. 
However, the effect of exchangeable hydrated cations appears to be small even when Cs+ was 
the interlayer cation33. Similar results have been found by Thompson34 in montmorillonites. 
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Taking into account that in X-Mica-n the interlayer cations are hydrated, the shifts of 
the 29Si MAS-NMR signals can only be explained by the formation of Inner Sphere 
Complexes between the formers and the tetrahedral layer of the silicate to complete their 
coordination sphere which was observed by TG analysis being incomplete.19 To analyze the 
ability that the hydrated interlayer cations have to form an inner sphere complex, the chemical 
shifts of the four environments of the 29Si have been analyzed as a function of their ionic radii 
(Figure 6).   
All the 29Si signals shift toward higher frequencies when the ionic radii increase as the 
distortion angle α also do (Table 2). Samples exchanged with K+ constituted the only 
exception: chemical shifts are displaced to lower frequency values respect Na+ and Li+, 
meaning that the shielding produce for this cation in the environment of Si is smaller.  
Based on the Pearson´s theory35,36,37 for the formation of solution-phase complexes, 
the cation-exchange selectivity is defined in terms of attractive forces between the cations and 
the clay surface, being the operating forces the polarizability-based electrostatic, van der 
Waals, and even covalent interactions. Consequently, the siloxane ditrigonal cavitites on the 
basal surfaces of clays minerals act as polarizable Lewis bases, and thus preferentially form 
inner-sphere complexes with more polarizable (softer) Lewis acids.38,39 
Therefore, the tendency of forming ISC in these clay materials would depend on the 
acidity of the interlayer cation, and hence should follow the trend K+ >Na+>Mg+2>Li+>Al+3, 
or K+ >Na+ >Li+ considering the cation from the first group, and Na+>Mg+2>Al+3 considering 
the third period cations. The position of the signals in the 29Si NMR spectra reveals that the 
shielding produced for these cations in the silicon surrounding follow this rule as well. 
 However, the results obtained with the K+ ions, specially for the Q3 (3Al) 
environment show that, even if it is the softer Lewis acid used, the samples homoionized with 
this cation does not exhibit the highest tendency of forming inner-sphere complexes, as 
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revealed by the smallest shielding in 29Si NMR results. Steric effects contribute to explain this 
behavior. A larger hydrated radius means that the cationic center of charge is farther from the 
clay surface so the clay-cation electrostatic interaction is weaker.38  
 In addition, silicate layer charge also affects the formation of the ISC. When layer 
charge increases, the negative charge in the surface also increases, and therefore, the materials 
turn out to be more polarizable Lewis bases. As a result, a bigger tendency on forming ISC is 
found and the effect of the interlayer cation is less evident, as can be seen in the displacement 
range of the 29Si chemical shift positions (Figure 6).  
 
27Al MAS NMR Spectroscopy 
To improve the knowledge of the tetrahedral sheet of X-n-Mica, 27Al MAS-NMR spectra 
were registered (Figure 7). All the spectra show an asymmetric band at ca. 67 ppm 
corresponding to aluminum in tetrahedral coordination30. Likewise, a peak centered at ca. 0 
ppm, arising from octahedral coordination, is only observed in the high charge micas30 or the 
micas homoionized with aluminum. 
Regarding tetrahedral environments, 27Al MAS-NMR spectra show two components 
which have been previously identified, although they have not been interpreted due to the 
quadrupolar nature of Al21,40. However, changes in the FWHM values of the spectra are 
observable.  X-Mica-4 exhibit broader spectra than the lower charged silicates. This can be 
explained by the distortion exerted on the tetrahedral aluminum as consequence of the 
location of the interlayer cation in the pseudohexagonal cavity. Although this fact has never 
been seen in hydrated clays, it has been already reported for Li-montmorillonite heated at 
300ºC.41,42  
On the other hand, Al in octahedral coordination could be due to a partial substitution 
of Mg+2 by Al+3 in the octahedral sheet or as interlayer cation. The signals coming in the high 
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charge silicates in the octahedral region are very similar in all the spectra, suggesting that the 
Al+3 are in the octahedral sheet, not in the interlayer space, also according with the 
literature40. Samples homoionized with Al+3, however, show a clear narrow peak in the 
octahedral region, meaning that in those cases, aluminum is hexacoordinated in the interlayer 
space of the silicates. There is no clear relationship between the aluminum in this environment 
and the interlayer cation, as a consequence of the length distance between them. 
 
CONCLUSIONS 
For the first time, the formation ISC in the interlayer space of the family of swelling high 
charged mica has been demonstrated. Moreover, the results have helped to clarify the 
interactions and disruption that the interlayer cations provoke in the tetrahedral sheet of a 
series of high charge swelling silicates. When the ratio Si/Al was one, Inner Sphere 
Complexes are favored and that provokes a high distortion angle between the Si-Al 
tetrahedra. When the content of aluminum decreases, the electrostatic forces between the 
layers are relaxed, and the hydrated cations do not interact so strongly with the tetrahedral 
sheet, having the opportunity to complete their hydration sphere.  
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Table 1. Elemental quantification obtained by XRF analysis for the three initial 
samples.  
 %   
 Na (±0.09) 
Al 
(±0.4)
Mg 
(±0.06)
Si 
(±0.09)
F 
(±0.3) Si/Al 
Si/Al 
theor 
Na-Mica-4 7.95 6.1 17.10 18.95 13.5 1.04 1 
Na-Mica-3 9.46 9.0 16.75 15.67 14.3 1.74 1.68 
Na-Mica-2 9.46 12.4 17.30 12.91 11 3.1 3 
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Table 2. Physicochemical properties of cations. r represents the Pauling 
ionic radius, q/r is the relation between the ionic charge and ionic 
radius. ΔH0hyd is the hydration enthalpy and pKa is the acidity 
constant. 
 K+ Na+ Li+ Mg+2 Al+3 
r (Å) 1.33 0.95 0.6 0.65 0.5 
q/r 0.75 1.05 1.70 3.08 6.00 
ΔH0hyd(KJ/mol) -305 -406 -519 -1922 -4660
pKa 14.5 14.2 13.6 11.4 5.0 
 
22 
 
	
	
 
 
   
23 
 
 
 
 
 
 
   
Table 3. 060 and 001 planar distance, b-parameter, distortion tetraedra angle (α) and cation-basal 
plane distance of X-Mica-n. 
Cation (X)  060/2θ d060 (Å) d001(Å) bobs(Å) α r(Å) d(Å) 
X-Mica-4 
Li+ 59.75±0.01 1.55±0.01 11.96±0.02 9.28±0.05 13.92±0.02 2.30±0.05 2.63±0.05
Na+ 59.99±0.01 1.54±0.01 12.17±0.01 9.25±0.04 14.71±0.02 2.26±0.03 2.65±0.03
K+ 59.33±0.02 1.56±0.03 12.83±0.02 9.30±0.20 12.33±0.08 2.40±0.20 2.90±0.10
Mg+2 59.84±0.02 1.54±0.03 12.06±0.02 9.30±0.20 14.23±0.09 2.30±0.20 2.60±0.20
Al+3 59.69±0.01 1.55±0.02 13.50±0.02 9.30±0.10 13.50±0.02 2.30±0.10 3.08±0.08
X-Mica-3 
Li+ 59.80±0.01 1.55±0.02 12.13±0.02 9.27±0.09 10.60±0.04 2.29±0.09 2.80±0.30
Na+ 59.97±0.01 1.54±0.02 12.17±0.01 9.30±0.10 11.31±0.04 2.36±0.09 2.74±0.08
K+ 59.45±0.06 1.55±0.08 12.80±0.04 9.32±0.50 8.80±0.20 2.50±0.50 3.00±0.40
Mg+2 60.06±0.03 1.54±0.05 14.27±0.02 9.20±0.30 11.80±0.10 2.40±0.30 3.40±0.20
Al+3 60.06±0.05 1.54±0.07 14.05±0.04 9.20±0.40 11.70±0.20 2.40±0.40 3.30±0.30
X-Mica-2 
Li+ 60.34±0.02 1.53±0.03 12.11±0.03 9.20±0.20 8.80±0.10 2.40±0.30 3.40±0.20
Na+ 60.36±0.01 1.53±0.02 12.17±0.01 9.20±0.20 8.90±0.07 2.40±0.10 2.80±0.10
K+ 60.02±0.07 1.50±0.10 12.86±0.02 9.20±0.60 6.70±0.60 2.00±0.10 3.10±0.10
Mg+2 60.13±0.02 1.54±0.03 14.34±0.03 9.20±0.30 7.20±0.20 2.50±0.30 3.50±0.20
Al+3 60.21±0.06 1.50±0.10 13.94±0.02 9.20±0.30 8.00±0.40 2.40±0.70 3.30±0.50
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FIGURE CAPTIONS 
 
Figure  1.  X-ray diffraction diagrams in the range of the 060 reflection. Asterisks represent 
the peak used in the following calculations (Table 2). 
Figure  2. a) Projection of the ab plane of the tetrahedral sheet. Continuous line represents the 
Bravais unit cell and the discontinuous line represents the primitive cell. b) Tetrahedral sheet 
distortion due to the α-rotation of adjacent tetrahedra. c) Distance between the apical oxygens 
and the interlayer cations. 
Figure  3. Distortion angles calculated from the b parameter obtained from the 060 reflection 
versus the interlayer cation radius.  Squares= X-Mica-4, circles = X-Mica-3 and triangles= X-
Mica-2. 
Figure 4. 29Si MAS-NMR spectra of X-Mica-n as a function of the layer charge (n) for the 
alkaline interlayer cations: a) Li+, b) Na+, and, c) K+. Q3(mAl) environments are marked with 
*  
Figure 5. 29Si MAS-NMR spectra of X-Mica-n as a function of the layer charge (n) for the 
third period interlayer cations: a) Na+, b) Mg2+, and, c) Al3+. Q3(mAl) environments are 
marked with * 
Figure 6. 29Si chemical shift values obtained from the fit of the spectra of the Figures 4 and 5 
in function of the interlayer cation radius. Q3(mAl) m=3, 2, 1 and 0 are represented by 
squares, circles, upper triangle and downer triangle respectively, and are separated by dot 
lines. Solid symbols=X-Mica-4, crossed=X-Mica-3 and open=X-Mica-2. 
Figure 7. 27Al MAS-NMR spectra of X-Mica-n. 
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EXPERIMENTAL 
Sample Characterization.  
X-ray diffraction (XRD) patterns were measured at the CITIUS X-ray laboratory (University 
of Seville, Spain) using a Bruker D8 Advance instrument equipped with a Cu Kα radiation 
source, operating at 40 kV and 40 mA, and with a Ni filter. The powder XRD patterns were 
registered in the 2θ-range 3–70° with a step size of 0.05° and a time step of 0.03 s.  
 
 
Figure 1S: X-ray diffractograms obtained for the starting samples- Na-mica-n 
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Figure 2S: X-ray diffractograms obtained for the starting samples homoionized with Li+, K+, 
Mg+ 2and Al+3 cations. 
 
   
 
 
 
